This article focuses on the economic and financial calculations concerning the production of electrical energy from photovoltaic installations connected to the grid. The estimation of energy production is done in fifteen cities in Burkina Faso. Among these localities, ten cities are homes to synoptic stations. The economic return in terms of the return on investment of the electricity production from PV installations is calculated by using the method of budgeted capital. The cost of the energy produced by photovoltaic installations during their operational lives (taken here equal to Mogmenga et al.; PSIJ, 22(2): 1-13, 2019; Article no.PSIJ.48993 2 25 years) is calculated and compared with other economic parameters. The observation shows that Gaoua records the smallest production and that the highest production is recorded in Ouahigouya. The analysis of the cash flows generated by the operation of these PV installations shows that the profits are perceptible from the 8th year in Ouahigouya and the 9th year in Gaoua. An Internal Rate of Return (IRR) of 14.42% is obtained in the locality of Ouahigouya. For locality of Gaoua the IRR is equal to13.72%. The calculation of Leveled Cost Of Energy (LCOE) gives an average value of 60 Fcfa / kWh for a discount rate of 4%. This value is almost equal to half the average price of electricity in Burkina Faso, which is 119 Fcfa / kWh.
INTRODUCTION
Nowadays, renewable energies occupy a place of choice in the energy mix of many African countries. The use of solar renewable energy especially, is an effective way to fight against global warming, a means for a green economic growth and sustainable development of developing countries [1] [2] [3] .
Photovoltaic (PV) is a sustainable and renewable energy conversion technology that can help to effectively meet the energy needs of a growing world population and reduce the negative impact of the use of fossil fuels [4, 5] . The global share of solar photovoltaic energy has increased significantly (0.26 GW to 16.1 GW) with an annual growth rate of more than 40% between 2000 and 2010 [6] [7] [8] .
Although the solar resource is available and free, still the cost of solar installations is not accessible to all. Today, technological innovations allow division of the manufacturing costs by 100, and governments are increasingly encouraging consumers to use this source of energy [1, 6, 9, 10] which is clean and environmentally friendly.
Given that, the price of electricity sold to consumers is a function of the price of electricity leaving the plant, an understanding of the feasibility and profitability of the different energy technologies being a paramount for the determination of an energy management policy in a country [11, 12, 13] .
As a country with significant solar potential, Burkina Faso enjoys an average of 5.5 kWh/m²/day of sunshine and average solar irradiation duration of 3000 h/year [14] .
However, the country knows an important energy deficiency. It is obvious that the government alone cannot meet this demand for energy that is growing day by day. The private sector is one of the solutions to this problem. However, the lack of knowledge in solar energy field, the high investment cost and the low demand for energy, especially in rural areas, where need in energy is most pressing does not motivate private investment particularly in Burkina.
In this article, we will try to analyze the profitability of a standard investment in photovoltaic installations in Burkina Faso built for the sale of energy to the National Company of Electricity (SONABEL) by injecting into the grid or off-grid for localities which are not connected to the national grid.
MATERIALS AND METHODS
The study is done for fifteen localities in Burkina Faso (Fig. 1) . The geographic coordinates (latitude, longitude and altitude) of the various sites are summarized in Table 1 .
In order to carry out this study, we had put hypotheses on certain parameters:  The study of an installation already done and ready to produce Energy;  Year 0 being the year of installation conception;  The number of hours of sunshine a year;  The value of expenses in relation to revenues;  The average electric price which varies according to the rate of inflation [15] and which is the price compared to the domestic use and small and average companies;  The degradation of the installation which plays on its production.  etc. In this work, we performed the simulations for several purchase prices of kWh (as shown in Table 2 ) and for several sizes of installation in W p to see their influence on the different Parameters of the study.
The radiation data in the synoptic stations are global averages on the horizontal plane. Table 3 shows measured radiation values in nine of the ten synoptic stations. In order to take into account the inclination and orientation of the panels we used simulation software.
Plant productivity is estimated using PVGis photovoltaic productivity simulation software, which provides annual average irradiation by optimizing tilt and orientation.
Burkina Faso being in the northern hemisphere, the optimal orientation of the modules is taken south. The optimal inclinations provided by the software are shown in Table 4 .
For these localities, the averages of inclination, global irradiation and the equivalent number of hours are respectively estimated in deg °, kWh/m²/year and hour for a south orientation (Table 4) . Table 5 shows in detail the estimated cost of a 2 MWp installation according to the 
Net Present Value (NPV)
NPV is the difference between the value of revenues and the expenses incurred in an investment. It provides an estimation of the net financial benefit to the investor if the investment is undertaken [17] . A positive NPV value means that the investor's financial situation will improve if the project moves forward. Likewise a negative NPV value indicates a financial loss.
Where D is the down payment, iis the interest rate, and n is the lifespan of the installation. Despite the fact that the NPV is easy to use, because it is an intuitive tool, it presents limitations in evaluating the profitability of an installation, since it does not distinguish a project with capital expenditures and costs, and offers no indication of the extent of the effort needed to achieve the results.
Repayment or Payback (PB)
The profitability of an investment can be analyzed from its repayment (PB) which is the number of years needed to recover the initial investment. PB is evaluated by adding the cash flow values throughout the life of the installation.
The Internal Rate of Return (TRI) or IRR
The TRI is widely used in project appraisal as it is an indicator of the expected return of profitability. It is compared to the bank interest rate or the cost of funds used to finance a project. An investment project will generally be retained only if its predictable TRI is sufficiently higher than the bank interest rate [17, 18] .
Another highly indicative and accepted parameter in the evaluation of an investment's profitability is the IRR. IRR is a reduction in the investment value, and can be easily compared to the interest rates of a loan taken in a bank. The IRR is also defined as the interest rate that equals the NPV of a series of cash flows to zero. Mathematically, he satisfies the equation:
Leveled Cost of Energy (LCOE)
The LCOE methodology is a benchmarking or ranking tool for evaluating the cost effectiveness of different energy production technologies. The Leveled Cost of Energy (LCOE) is an important parameter that compares energy costs and the full cost of energy production for a given system. LCOE is a calibration tool sensitive to the assumptions used for the calculations, especially when these are extrapolated several years in the future (over the lifetime of the installation). The determination of LCOE theoretically takes into account all the costs associated with an installation, for its entire lifetime [19] [20] [21] . These are:
 Acquisition of land cost, construction cost, renovation cost of the system, initial investments cost, repayment of loans costs and financial expenses;  Maintenance cost, labor cost and material cost;  Cost of buying fuel (zero in the case of renewable energy, for example for a wind turbine, a PV installation);  Additional costs such as the costs of decommissioning of the facilities at the end of the life, the costs of the tone of CO 2 produced (if it is marketable in a market), etc. [20] [21] [22] .
The costs and the generated electricity may vary according to the location, the production capacity, the complexity of the installation, the efficiency of the installation and the life of the power plant [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
The LCOE can be defined as the ratio between the sum of costs and the value of energy production over the life of the project (of the facility) and can be applied to virtually all technologies of Energy especially renewable energies [24, 25] . It is calculated using the following equation:
, , ,
n C E r are successively the life of the installation, all costs, net annual energy production and the annual discount rate.
RESULTS AND DISCUSSION
The simulations were carried out for the localities mentioned in Fig. 1 . Comparing the results on the productivity of a photovoltaic installation shows that the lowest production is recorded in Gaoua and the largest in Ouahigouya. Fig. 2 below shows the energy productions of the first and the twenty-fifth year. In view therefore of the results of Fig. 2 , we will focus our study on the localities of Ouahigouya and Gaoua. In order to evaluate the influence of the size of the installation and the purchase price of the kWh on the various parameters studied, we have made the simulations for several sizes and prices.
Overall, production fell by around 11.5% from the first year to the 25th year.
Cash Flow in the Different Regions
At the time of investment (year 0) occurs only a money outflow. After installation, the energy production, the sale and expenses start in year 1 supposed as the beginning year of energy production. Expenditures were estimated equal to 11% of revenues generated by the sale of Accumulated cash flows allow to evaluate the return of the investment. Tables 6 and 7 show the cumulative cash flow of PV installation in the cities of Ouahigouya and Gaoua for different sizes, the purchase price of the kWh taken equal to 90Fcfa. The tables show that whatever the size of the installation is, the return on investment takes place around 7.5 years after in Ouahigouya and 8 years later in Gaoua. Thus, the size of the facility does not affect the recovery time of the investment.
Influence of the size of the installation on the return on investment time

Influence of the purchase price on the return on investment
In this part, the size of the installation is fixed to 10 MWp for a purchase price of the kWh ranging from 60 to 95Fcfa. After the simulations, we found that the time of return on investment of the installations in the 13 regions takes place between the 7th year (95Fcfa / kWh) and the 12 th year (60Fcfa / kWh). Fig. 3 shows the return on investment for an installation of 10MWp for a purchase price ranging from 60 to 95 Fcfa in the localities of Ouahigouya and Gaoua. The return on investment therefore depends very strongly on the selling price of kWh. The higher the price of kWh is, the faster the return on investment is.
We note here that for the same installation and for any price of purchase of kWh, the return on investment in the city of Ouahigouya comes Table 7 . Cumulative cash flow of facilities in Gaoua for different sizes earlier compared to the city of Gaoua. This is explained by the solar potential and climatic conditions that prevail in the localities. The return on investment in the locality of Gaoua happened around six month little later. Fig. 4 shows the accumulated cash flows for a 10MWp installation with a purchase price of 90 Fcfa / kWh in the cities of Ouahigouya and Gaoua. It can be seen that the capital invested is recovered respectively around 7 ½ years after in Ouahigouya and around 8 years later in Gaoua. The benefits are felt therefore from the 8th year in Ouahigouya and the 9th year in Gaoua. Table 8 shows the production of electricity in kWh, the inputs and outputs (the expenses) in a power plant of 10Wp according to the electric pricing in the localities of Ouahigouya and Gaoua on the lifespan of facilities that is taken on average equal to 25 years [17].
We can also see the electrical pricing that changes because of inflation and the energy produced per year. The first year for a purchase price of 90 Fcfa/kWh, the amount of outflows is 161 667 000 Fcfa for Ouahigouya and 154 802 340 Fcfa for Gaoua. Taking into account that the PV plant is degraded over time and loses its production capacity [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , Fig. 5 shows the production of a 10 MWp installation in Ouahigouya (black curve) and Gaoua (red curve) depending on the year. We notice that the production decreased with the year. In the first year of the investment, the cash flow amounts are 1 308 033 000 Fcfa for the installation in Ouahigouya and 1 252 491 660 Fcfa for the Gaoua plant.
Net Present Value (NPV) and Leveled Cost of Energy (LCOE)
Fig . 6 shows the net present value (NPV) for solar photovoltaic plants of 10MWp for an electricity pricing of 90 Fcfa / kWh, operating under the climatic conditions of cities of Ouahigouya and Gaoua. The NPV is calculated using equation (1) for several rates ranging from 1% to 25%.
For discount rates between 1 and 14.42%, (black curve) and between 1 and 13.72% (red curve), the NPV in Ouahigouya and Gaoua reaches positive values, which means that the PV installation provides advantages for the investors. For higher discount rates, (> 14.42% for Ouahigouya and > 13.72% for Gaoua) the value of the NPV is negative, which means that the photovoltaic installation would produce losses. The NPV value reaches zero when the discount rate corresponds to an internal yield of 14.42% for the locality of Ouahigouya and 13.72% for Gaoua (equation 2).
As defined in paragraph I.1.3, the IRR is the gross profitability of the investment. To achieve net profitability, the cost of capital must be considered for investors. Investors would obtain net benefits if the cost of their capital is less than 14.42% and 13.72%.
As indicated in equation (3) in paragraph I.1.4, the LCOE depends on the current discount rate. Table 9 shows the average updated cost of energy produced by solar photovoltaic systems studied for different values of the discount rate. According to REN 21, the average LCOE of photovoltaic production systems decreased by 73% between 2010 and 2017 due to the evolution of technology [27] .
For a discount rate of 4% ( 
CONCLUSION
In this article, we made a financial profitability study of a PV installation. Using cash flow data per year, we calculated net present value (NPV), internal rate of return (TRI or IRR) related to the expected return in terms of investment returns and evaluated the expected return on investment. We have evaluated the influence of the size of the facility and the purchase price of the kWh on the return on investment. For all the installations studied, we find that the size of the installation does not affect the return on investment. However, the higher the purchases price of kWh, the faster the return on investment.
For the two localities studied, an IRR of 14.42% is obtained in Ouahigouya and an IRR of 13.72% is obtained in Gaoua. For a discount rate of 4%, as in most European countries, LCOE is about 59.569 FCFA / kWh in Ouahigouya and 60.61 FCFA / kWh in Gaoua, which is almost 50% less than the current price of energy in Burkina Faso. These values represent a significant benefit in terms of return on investments.
The plotting of accumulated cash flow over time made it possible to calculate the total investment payback, which is about 10 years for Ouahigouya and 12 years for Gaoua. This study helps to inform investors in terms of payback and strategic locations for PV investments. The guarantee on the reliability of the PV modules (25 years of life), the free availability of the solar resource makes it possible to perceive that to invest in the photovoltaic installations is low risk and should be encouraged in a country which knows a huge energy deficit. The use of real data for simulations and a study of the influence of climate (humidity for example) over the lifetime of the PV plant will determine the life of PV installations in Africa and particularly in Burkina Faso to improve this work.
